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Mora or Syllable? Speech Segmentation in Japanese
T a k a s h i  O t a k e  a n d  G i y o o  H a t a n o
Dokkyo University, Tokyo, Japan
A n n e  C u t l e r
M RC Applied Psychology Unit, Cambridge. United Kingdom
AND
J a c q u e s  M e h l e r
Laboratoire de Sciences Cognitives et Psycholinguistique, Paris, France
Four experiments examined segmentation of spoken Japanese words by native and non­
native listeners. Previous studies suggested that language rhythm determines the segmen­
tation unit most natural to native listeners: French has syllabic rhythm, and French listeners 
use the syllable in segmentation, while English has stress rhythm, and segmentation by 
English listeners is based on stress. The rhythm of Japanese is based on a subsyllabic unit, 
the mora. In the present experiments Japanese listeners' response patterns were consistent 
with moraic segmentation; acoustic artifacts could not have determined the results since 
nonnative (English and French) listeners showed different response patterns with the same 
materials. Predictions of a syllabic hypothesis were disconfirmed in the Japanese listeners’ 
results; in contrast, French listeners showed a pattern of responses consistent with the 
syllabic hypothesis. The results provide further evidence that listeners’ segmentation of 
spoken words relies on procedures determined by the characteristic phonology of their
native language. © 1993 Academic Press, Inc.
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T he  haiku is a J a p a n e s e  verse  form,  the 
s t ruc tu re  o f  which  is rigidly p resc r ibed :  a
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haiku cons is ts  o f  s e v e n te e n  m orae  in th ree  
g roups  o f  five, seven ,  and five m o ra e ,  r e ­
spec t iv e ly .  K a k e i ' s  ha ik u ,  a b o v e ,  m e e t s  
these  formal  cons t ra in ts .
W h en  Ja p a n e se  poet ic  fo rm s  such  as  the 
haiku are r en d e red  in o th e r  languages ,  an 
a p p ro x im a t io n  to the  p r e s c r ib e d  fo rm  is 
usually  ach ieved  by specifying the n u m b e r  
o f  syllables pe r  line. T h u s  one  could  freely 
t rans la te  the above  haiku as:
In si lence they  fall 
Into the ga rden  bonfire  
Petals  o f  the plum.
But m orae  do not necessar i ly  c o r r e s p o n d  to 
sy l lab le s .  C o n s i d e r  the  f i rs t  l ine o f  the  
haiku: shinshin-to. A l though  it has  the p r e ­
scr ibed  5 m orae  (shi, n, shi, n, to), it has 
only 3 syllables (shin, shin, to). T h e  m o ra  is 
a subsyllabic unit;  it can  be a vocal ic  n u ­
cleus ,  a nuc leus  plus syllable o nse t ,  or ,  as
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in the  s eco n d  and  four th  m orae  o f  shinshin- 
to, it can  be the  pos tvoca l ic  por t ion  o f  a 
syl lable ,  i .e . ,  the coda .  In J a p a n e s e ,  a lan­
guage with a ve ry  res t r ic ted  phonological  
in ven to ry ,  the re  a re  108 dis t inct  m o rae ,  and 
they  are  o f  only  5 types :  C V ,  C C V ,  V, nasal 
c o d a  (which  we  can  r e p re se n t  as N) ,  and 
gem ina te  (doubled)  c o n s o n a n t  ( rep re sen ted  
as Q). T h e re  is only one  nasal  c o d a  m o ra  
(which  r e p re se n t s  the  so u n d s  [n], [m], or  
[g] d e p e n d in g  on  the  fo l lowing  p h o n e t ic  
c o n t e x t ) ,  o n ly  o n e  g e m i n a t e  c o n s o n a n t  
m o r a  ( w h i c h  r e p r e s e n t s  a d o u b l i n g  o f  
w h ic h e v e r  c o n s o n a n t  h a p p e n s  to follow it), 
and  only  5 vow els .  S o m e  m orae  begin with 
a f f r i c a ted  c o n s o n a n t s  an d  h e n c e  can  be 
c o n s i d e r e d  C C V ;  o t h e r w i s e ,  the  s e c o n d  
c o n s o n a n t  in C C V  m o rae  can  only be the 
glide [j], and  only eight c o n s o n a n t s  may 
p re c e d e  and  3 vow els  fol low [j]. T h us  ove r  
60% o f  all poss ib le  m o rae  are  o f  the simple 
CV t y p e . 1
This  obv io u s ly  sugges ts  that  the re  will 
a lso be a sk ew  to w a rd s  CV m orae  in the 
f r e q u e n c y  d is t r ibu t ion  o f  m o ra  types  in J a p ­
an ese  sp ee c h ,  and this is indeed  so: ju s t  as
14 o f  the  17 m o rae  in the  haiku above  are 
C V ,  so too  do  we find that  in c o rp o ra  of  
J a p a n e s e  sp ee c h  m ore  than  70% o f  m orae  
are  CV (O take ,  1990). T h u s  in p rac t ice  the 
m o ra  will of ten ove r lap  with the syllable.
1 This description is phonetically based, i.e., the 
number of morae is defined as the number of phono- 
logically legal mora structures having distinct IPA 
transcriptions. Thus it does not correspond exactly to 
the number of characters in the kana orthographies. 
These allow a very limited degree of mismatch with a 
phonetic transcription. For instance, a phonetic tran­
scription distinguishes between a velar nasal + vowel 
sequence and a velar stop + vowel sequence, while 
the kana orthographies do not; conversely, the orthog­
raphies contain a couple of pairs of characters with 
identical transcriptions, such as the two characters 
pronounced [d^i]. Also, it should be noted that the 
kana orthographies encode some further underlying 
phonological relationships between morae; for exam­
ple, two morae beginning with a consonant having the 
same manner and place of articulation but differing in 
voicing are represented by characters which differ 
only in the presence versus absence of a voicing 
marker.
Indeed ,  m any  m o rae  are syllables:  the al­
lowable  syllable s t ruc tu re s  o f  J a p a n e s e  in­
c lu d e  V,  C V ,  a n d  C C V ,  w h ic h  a re  all 
1-mora syllables.  (The remain ing  a l lowable  
syl lables— any  o f  the ab o v e  3 s t ru c tu re s  fol­
lowed by N ,  Q, o r  V— all con ta in  2 m orae . )
H o w e v e r ,  it is the m o ra  and not  the syl­
lable which is im por tan t  for  the spec if ica­
tion o f  verse  forms.  M o re o v e r ,  the m o ra  
also plays a centra l  role in J a p a n e se  o r th o g ­
raphy .  J a p a n e se  has a mixed o r thog raph ic  
sys tem:  co n ten t  w ords  are  wri t ten  in kanji , 
which are C h in ese -b ased  ideographic  c h a r ­
a c te r s ,  while  fu nc t io n  w o rd s  and  in f lec ­
tional affixes,  plus foreign w ords ,  are  w r i t ­
ten in kana. T h e re  are  tw o  kana  o r th o g ra ­
phies,  hiragana and  katakana , and  bo th  are 
mora-based:  each contains about  50 symbols ,  
which a lone or  in co m b in a t ion  can  be used 
to rep resen t  each  m ora  o f  the language.
The  m ora  can  be thought  o f  p roper ly  as a 
r h y th m ic  u n i t— the  g e m i n a t e  c o n s o n a n t  
m arke r ,  for  ins tance ,  implies co n so n an ta l  
lengthening.  T h u s  J a p a n e se  has  been  said 
to be " m o r a - t i m e d , 1' in c o n t r a s t  to the  
" s t r e s s - t i m i n g "  c h a ra c te r i s t i c  o f  Engl ish  
and o th e r  s t ress  languages ,  or  the " s y l l a ­
b le - t im in g "  c h a ra c te r i s t i c  o f  F r e n c h  and  
m any  o the r  languages.  N o te  that  this does  
not m ean  that  every  m ora  in an u t te ran ce  
occup ies  exac t ly  the sam e a m o u n t  o f  t ime 
( B e c k m a n ,  1982), a n y  m o re  th a n  s t r e s s  
units o c c u r  at fixed tem pora l  in tervals  in 
English (Dauer ,  1983), o r  syllables o c c u r  at 
fixed tem pora l  in tervals  in F re n c h  (W enk  & 
W ioland ,  1982). E a c h  o f  these  units  may 
vary  in the n u m b e r  and type  o f  phone t ic  
s eg m en ts  it c o n ta in s ,  and  b e c a u s e  so m e  
sounds  simply take  longer  to ar t icu la te  than  
o the rs ,  these  fac to rs  will inf luence the rea l ­
ized dura t ion .  Tak ing  such  fac to rs  into a c ­
coun t ,  h o w ev e r ,  the m o ra  cer ta in ly  seem s  
to be a s trongly pred ic t ive  fac to r  in a r t i cu ­
la to ry  t im ing  o f  J a p a n e s e  s p e e c h  (P o r t ,  
Dalby & O 'D el l ,  1987; a l though note  tha t  a 
s u b se t  o f  P o r t  et  a l . ’s f ind ings ,  fo r  C V  
s t ru c tu re s ,  are  rep l icab le  in Engl ish  and 
S p a n i s h :  O t a k e ,  1989). E v i d e n c e  f r o m  
speech  e r ro rs  (K u b o z o n o ,  1989) and  lan-
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guage g a m es  (K a ta d a ,  1990) fu r th e r  c o n ­
firms a role for  the m o ra  in sp eech  p r o d u c ­
tion in J a p a n e s e .  R ecen t  ev iden ce  favors  
the  v iew that  va r iance  in dura t iona l  m e a ­
su res  o f  sp eech  shou ld  be a c c o u n te d  for  on 
a d i f fe ren t  bas is  a c ro s s  languages  (F an t ,  
K r u c k e n b e r g  & N o r d ,  1989, 1991a,b); the 
rhy thm ic  p rope r t ie s  o f  J a p a n e s e  are  w i th ­
ou t  d o u b t  d ifferent  f rom  those  o f  languages  
in which  rh y th m  is based  on s t ress  units  or  
syllables  (H o eq u is t ,  1983a,b).
Since English  rh y th m  is said to be based  
on the s t ress  unit ,  it is not  surpr is ing  to find 
that  rigid p resc r ip t ion  o f  verse  fo rm s  in E n ­
glish typical ly  inc ludes  specif ica t ion  o f  m e t ­
rical s t ress .  T h u s  the l imerick is def ined as 
a ve rse  fo rm  with the rh y m e  sch em e  aabba  
and  five l ines,  o f  which  the first and  second  
e a c h  c o n ta in  th re e  s t r e s s  b e a t s ,  with  in 
each  case  a fol lowing “ silent s t r e s s ”  (A b ­
e rc ro m b ie ,  1965), the third and four th  each  
have  tw o  s t ress  bea ts ,  and the last again has 
th ree  s t ress  bea ts .  Within this pa t te rn ,  va r i ­
a t ion in n u m b e r  o f  syllables  is a l lowed ,  and 
sy l la b le  s t r u c t u r e  is c o m p l e t e l y  u n c o n ­
s t ra in e d .  In F r e n c h ,  on the  o th e r  h a n d ,  
w h e re  rh y th m  is said to be sy l lab le-based ,  
the laws o f  F re n c h  vers if ica t ion  can  only be 
real ized via regular i ty  in n u m b e r  o f  syl la­
bles (de C ornu l ie r ,  1982). T h u s  s t ress  units  
in Engl ish  verse  and  syl lables  in F re n c h  
verse  seem  to play roles s imilar  to m orae  in 
J a p a n e s e  ve rse ;  vers i f ica t ion  is one  way in 
which  the  basic rhy thm ic  unit o f  any  lan­
guage is m an ifes ted .
C o n c e p t s  such  as p h o n e m e ,  m ora ,  syl la­
ble,  and  s t ress  unit are  not  p roper t ie s  o f  
pa r t icu la r  languages ;  they  are phonological  
c o n s t ru c t s  in te rm s  o f  which  any  language 
can  be d esc r ibed .  H o w e v e r ,  j u s t  as there  
are  d i f fe rences  ac ro ss  language c o m m u n i ­
ties in the way  verse  fo rm s  are typically 
c o n s t ra in ed ,  and  in the  way  phono logy  may 
be ref lec ted  in o r th o g ra p h y ,  so are  there  
d if fe rences  ac ro ss  languages  in the degree  
to w hich  var ious  phonologica l  c o n s t ru c t s  
play a role in phonological  p ro c e s se s  within 
th e  l a n g u a g e .  L i k e w i s e ,  t h e r e  a re  n o w  
k n o w n  to be d if fe rences  ac ro ss  languages  in
the  im p o r ta n c e  o f  the  sam e  phonolog ica l  
c o n s t ru c t s  in speech  recogni t ion  p ro ces se s .
T he  syllable,  for  in s tance ,  p lays  an  im ­
por tan t  role in the recogni t ion  o f  F ren c h .  In 
an e x p e r im e n t  which  fo u n d ed  an en t i re  p a r ­
a d i g m ,  M e h l e r ,  D o m m e r g u e s ,  F r a u e n -  
fe lder ,  and Segui (1981) had  F re n c h  s u b ­
je c t s  listen to lists o f  un re la ted  w o rd s  and  
p ress  a r e s p o n s e  key as fast  as poss ib le  
w h en  they  heard  a specif ied word-ini t ia l  s e ­
q u en ce  o f  sounds .  This  target  w as  e i th e r  a 
c o n s o n a n t - v o w e l  (CV) s e q u e n c e  such  as 
ba-  o r  a c o n s o n a n t - v o w e l - c o n s o n a n t  
(CVC) seq u en ce  such as bal-. T h e  w o rd s  
which began with the specif ied target  had 
one  o f  two  syllabic s t ruc tu res :  the initial 
syllable was  e i ther  op en  (CV),  as in bal­
ance ,  o r  c l o s e d  ( C V C ) ,  as  in balcon .  
M ehle r  et al. found  that  r e sp o n se  t ime was  
s ig n i f i c a n t ly  f a s t e r  w h e n  th e  t a r g e t  s e ­
q u en ce  c o r r e s p o n d e d  exac t ly  to the initial 
sy l lab le  o f  the  t a rg e t -b e a r in g  w o r d  th a n  
w hen  the target  s eq u en ce  co n s t i tu ted  m ore  
or  less than  the initial syllable.  T h u s  r e ­
sponses  to ba- were  fas te r  in balance  than  
in balcon, w h e re a s  r e sp o n se s  to bal- w ere  
fas te r  in balcon than  in balance. M eh le r  et 
al. in te rp re ted  this result  as ev id ence  that  
F re n c h  l is teners  s e g m e n te d  sp e e c h  input  
into syllables.
O t h e r  e x p e r i m e n t s ,  a lso  c o n d u c t e d  in 
F r e n c h ,  f u r t h e r  s u p p o r t e d  th i s  c l a i m .  
Segu i ,  F r a u e n f e l d e r ,  and  M e h l e r  (1981) 
found  that  l is teners  are  fa s te r  to d e tec t  sy l­
lable ta rgets  than  to de tec t  ta rge ts  c o r r e ­
sponding  to the individual p h o n e m e s  w hich  
m ake  up those  sam e syllables.  Segui (1984) 
su m m ar ized  a n u m b e r  o f  s tud ies  indicat ing 
that  polysyllabic  w o rd s ,  w h e th e r  they  are 
heard  in isolation o r  in c o n n e c te d  speech ,  
are  ana lyzed  syllable by syllable.  Cut le r ,  
M ehler ,  N orr is ,  and  Segui (1986) found  that  
F re n c h  l is teners  even  show  ev idence  o f  syl­
labic segm en ta t ion  w h en  l istening to a fo r ­
eign language (English).  T h u s  the ev id ence  
f rom m any  s tudies  o f  speech  p rocess ing  by 
F re n c h  l is teners  suggests  tha t  the ir  speech  
segm en ta t ion  p ro c e e d s  syllable by syllable.
H o w e v e r ,  things are  different  in English.
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C u t le r  et al. (1986) found  that  English lis­
tene rs  do  not  sh o w  the sam e pa t te rn  o f  r e ­
sults in this ta sk  as F ren ch  l is teners .  Using 
e x ac t ly  the  s am e  e x p e r im e n ta l  des ign  as 
M eh le r  et al. (1981), but  English mater ia ls  
( e . g . ,  b a l a n c e , b a lcony)  a n d  E n g l i s h -  
speak ing  sub jec ts ,  they  found  that  re sp o n se  
t ime to C V  {ba-) and  C V C  (bal-) ta rgets  was  
not  s ignif icantly different  e i the r  in balance- 
or  balcony-iype  w ords .  N o r  did English lis­
ten e rs  sh o w  ev id en ce  o f  syllabic s e g m e n ta ­
tion w h e n  they  l is tened to F re n c h  mater ia ls  
(which  lend th e m se lv e s  well to such a p ro ­
cedure ) .
T he  a p p ro p r ia te  segm en ta t ion  p ro c e d u re  
for  English  a p p e a r s  to be quite  different .  In 
a s t ress  language,  such  as English is, syl la­
bles can  be e i the r  s t rong  or  w eak ;  s t rong  
syl lables  con ta in  full vow els ,  while w eak  
syl lables  con ta in  re d u c e d  vowels  (usually 
schwa) .  C u t le r  and  N orr i s  (1988) sugges ted  
that  this d i f fe rence  could  assis t  s e g m e n ta ­
tion. T h e i r  p roposa l  w as  based  on an e x p e r ­
imental  finding that  l is teners  were  s low er  to 
d e t e c t  the  e m b e d d e d  real w o rd  in, say ,
m in ta y f  (in w h ic h  the  s e c o n d  v o w e l  is
»  t /
s trong)  than  in m in te f  (in which  the second  
vowel  is schw a) .  T h e y  sugges ted  that  lis­
tene rs  s e g m e n te d  m intay f  p r ior  to the s e c ­
o n d  s y l l a b le ,  so t h a t  d e t e c t i o n  o f  mint  
the re fo re  requ i red  com bin ing  speech  m a te ­
rial f rom par ts  o f  the signal which  had been  
sep a ra ted .  N o  such  difficulty would  arise 
for  the d e tec t io n  o f  mint  in m in te f  s ince the 
w e a k  seco n d  syllable w ould  not be s e p a ­
ra ted  f rom  the  p reced ing  mater ia l .
F u r th e r  ev id e n ce  tha t  English l is teners  
use s t ress  rh y th m  to segm ent  speech  input 
is found  in s eg m en ta t io n  errors , i .e . ,  the 
w ay  in w hich  w ord  b o u n d a r ie s  tend  to be 
m ispe rce ived .  C u t le r  and  Butterf ie ld  (1992) 
e x a m i n e d  b o th  s p o n t a n e o u s  an d  e x p e r i ­
menta l ly  el ici ted m isp e rcep t io n s ,  and found 
that  e r ro n e o u s  inser t ions  o f  a w ord  b o u n d ­
a ry  b e fo re  a s t ro n g  sy l lab le  (e .g . ,  " d i s ­
g u i s e ”  being hea rd  as " t h e  s k ie s ” ) and  d e ­
let ions o f  a w o rd  b o u n d a ry  before  a w eak  
syllable (e .g . ,  " t e n  to t w o ”  being hea rd  as 
" t w e n t y  t o ” ) w ere  far m ore  c o m m o n  than
e r ro n e o u s  inser t ions  o f  a b o u n d a ry  before  a 
w e a k  sy l lab le  (e .g . ,  " v a r i a b i l i t y ”  be ing  
heard  as " v e r y  ab i l i ty” ) o r  de le t ions  o f  a 
b o u n d a ry  before  a s t rong  syllable (e.g. ,  " i n  
c lo s ing”  being heard  as " e n c l o s i n g ” ). This  
is exac t ly  w ha t  would  be e x p e c te d  if l is ten­
ers  are  dealing with the segm en ta t ion  p r o b ­
lem by apply ing  a s t ra tegy  o f  a ssum ing  that  
s t rong  syllables are  likely to be word-ini t ia l ,  
but  w eak  syllables are  not.  S egm en ta t io n  in 
English,  the re fo re ,  ap p ea rs  to be based  on 
the oppos i t ion  o f  s t rong  and  w eak  syllables.
As C u t le r ,  M e h le r ,  N o r r i s ,  and  Segui  
(1992) have  po in ted  out ,  the exper im en ta l ly  
d e m o n s t r a te d  segm en ta t ion  p ro c e d u re s  for 
F ren ch  and English mirror  each  lan g u ag e ’s 
charac te r is t ic  rhy thm ic  s t ruc tu re .  T h e  use 
o f  the oppos i t ion  b e tw e e n  s t rong  and w eak  
syllables in segm ent ing  English ref lects  the 
E ng l ish  l a n g u a g e ' s  c h a r a c t e r i s t i c  s t r e s s -  
based  rhy thm ic  pa t te rn ,  and  the use o f  the 
syllable in segm ent ing  F re n c h  reflects  the 
c h a r a c t e r i s t i c  s y l l a b l e - b a s e d  r h y t h m  o f  
F rench .
W h a t  th e n  o f  J a p a n e s e ,  in w h ic h  the  
charac te r is t ic  rhy thm  is m o ra -b a se d ?  C an  
we ex p ec t  to find that  J a p a n e s e  l is teners  
m ake  use o f  the m o ra  in speech  s e g m e n ta ­
t ion?
The  p u rpose  o f  the p resen t  ex p e r im e n ts  
was  to a d d re s s  these  ques t ions .  By using 
the ta rge t -m oni to r ing  task ,  we e x te n d e d  to 
J a p a n e se  the series  o f  ex p e r im e n ts  begun  
by M eh le r  et al. (1981), and con t in u ed  by 
C u t le r  et al. (1986) with a c o m p a r i so n  o f  
E ng l i sh  an d  F r e n c h ,  a n d  by S e b a s t i a n -  
Gal les ,  D u p o u x ,  Segui,  and M eh le r  (1992) 
with Span ish  and Cata lan .
As we d iscussed  abo v e ,  m orae  in J a p a ­
nese  are  som et im es  co ex tens iv e  with syl la­
bles and  so m e t im es  not.  T h u s  the target  
moni tor ing  m e thodo logy  a l lows us to m ake  
a d i rec t  c o m p a r i s o n  b e tw e e n  m o ra e  and  
syllables in the segm en ta t ion  o f  J a p a n e se .  
It should  be no ted  that  syllables m ay  also 
be qui te  tangible  c o n s t r u c t s  to J a p a n e s e  
language users .  The  kana  o r th o g rap h ie s  are  
of ten  though t  o f  as sy l labar ies ,  and  indeed ,  
o f  all m orae  only N and  Q c an n o t  func t ion
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as separate syllables. The Chinese charac­
ters of the kanji orthography, moreover, 
when given a Chinese reading, more often 
represent single syllables. Thus although 
we have argued above that orthographic in­
fluences may render the mora a salient unit 
to literate Japanese, it is also true that or­
thographic influences may render the sylla­
ble equally salient. Thus a direct compari­
son between mora and syllable is of consid­
erable interest.
As before, subjects will be asked to listen 
for CV and CVC targets, and the words in 
which these targets occur will differ in syl­
lable structure: the first syllable will be ei­
ther CV or CVC. (In fact, the latter struc­
ture is always CVN in the present study. N 
can be considered the only true syllabic 
coda in Japanese; Q can function as a coda 
but not in word-final position. Although in 
the type of words we used it would have 
been possible to use CVQ targets because 
the target sequence was never word-final, 
we chose to use one coda only.) Consider, 
for instance, the words tanishi and tans hi. 
Each has three morae: ta-ni-shi, ta-n-shi. 
But they differ in number of syllables: ta- 
ni-shi has three but tan-shi has two. Like­
wise they differ in syllabic structure; the 
first syllable of tanishi is ta, but the first 
syllable of tanshi is tan. The initial sound 
sequences are the same, thus satisfying the 
requirement that either ta or tan could 
serve as target for each word.
The two segmentation hypotheses pro­
pose, respectively, that the syllable and the 
mora play a role in speech segmentation in 
Japanese; and the two hypotheses predict 
different patterns of results in such an ex­
periment. The syllabic hypothesis predicts 
the pattern of results characteristically 
found in the previous experiments with 
French listeners: CV targets (ta) should be 
detected easily in CVCVCV words (ta­
nishi), and CVN targets (tan) should be de­
tected easily in CVNCV words (tanshi), be­
cause in each case the target corresponds to 
the initial syllable of the stimulus word. In 
contrast, detection of CVN targets in
CVCVCV words (tanishi) and of CV tar­
gets (ta) in CVNCV words (tanshi), where 
the target corresponds respectively to more 
than and less than the word-initial syllable, 
should be difficult. In French listeners, this 
difficulty expressed itself in significantly 
longer response times, and a similar effect 
in the response time pattern is one way in 
which Japanese listeners could exhibit the 
same difficulty. However, note that under a 
syllabic hypothesis the detection of nonsyl- 
labic targets amounts effectively to detec­
tion of parts o f  syllables, which is assumed 
to occur via decomposition of initial syl­
labic rep resen ta tio n s  into phonem es 
(Mehler et al., 1981). Such decomposition 
can, as the previous results showed, cer­
tainly be achieved by French listeners, and 
one reason for this could well be the avail­
ability of alphabetic orthographic represen­
tations. In Japanese, where orthographic 
representations are not alphabetic, it is pos­
sible that such decomposition might be 
hard to achieve, in which case we might 
predict that listeners will simply not detect 
a match between target and stimulus word 
at all, i.e., will fail to respond to nonsyllabic 
targets. Irrespective of how the relative dif­
ficulty expresses itself, however, it is im­
portant to note that the syllabic hypothesis 
predicts that CV targets in CVCVCV words 
and CVN targets in CVNCV words will be 
easy to detect, perhaps equivalently so, 
while CV targets in CVNCV words and 
CVN targets in CVCVCV words will, 
again, pattern similarly and will cause dif­
ficulty for listeners.
The principal prediction of the mora hy­
pothesis, on the other hand, is that there 
should be no difference in responses to CV 
targets as a function of syllable structure; in 
both CVCVCV and CVNCV words, the ini­
tial CV is also the initial mora, so the CV 
target should have identical status in both 
words, and in both cases detection should 
present no difficulty for listeners. The pre­
dictions of this hypothesis for CVN targets 
are less clear-cut. Firstly, in the case of 
CVCVCV words, a CVN target corre­
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sp o n d s  to a m o ra  plus par t  o f  the  next  m ora ,  
so d e tec t io n  should  be e x t re m e ly  difficult. 
As with the p red ic t ions  f rom  the syllabic 
h y p o th e s i s ,  the p red ic t ion  from the m ora  
h y p o th e s i s  a b o u t  how  this difficulty will be 
m an ifes ted  will d e p e n d  on w h e th e r  sub jec ts  
can  effect ively  d e c o m p o s e  the ir  initial mo- 
raic r e p re se n ta t io n s ;  if they  can ,  then  re ­
sp o n se s  shou ld  be s low, but  if they  canno t ,  
then  r e s p o n s e s  shou ld  s imply  not  occur .  
S eco n d ly ,  in the case  o f  C V N C V  w o rd s ,  a 
C V N  ta rg e t  c o r r e s p o n d s  to tw o  m o ra e .  
W h e th e r  or  not  this c a u se s  difficulty for  lis­
ten e rs  c a n n o t  be s imply a n s w e re d  f rom p re ­
vious w o rk ,  a l though  it is p e rh a p s  re levant  
tha t  English  l is teners ,  w h o  do not  use syl­
labic seg m en ta t io n ,  r e sp o n d  m ore  rapidly 
to p h o n e m e  ta rge ts  than  to syllable targets  
(N orr is  & C u t le r ,  1988); if syl lables are ,  to 
E n g l i sh  l i s t e n e r s ,  e f f e c t iv e ly  c o n c a t e n a ­
t ions o f  p h o n e m e s ,  then  this result  suggests  
that  J a p a n e s e  l is teners  m ay  also p roduce  
relat ively s low re s p o n s e s  to C V N  targe ts  in 
C V N C V  w o rd s .  T h u s  the p red ic t ions  o f  the 
m o r a  h y p o th e s i s  are  v e ry  d if ferent  f rom 
those  o f  the  syllable hypo thes is .
O ne  p ro b lem  ra ised  by o u r  first e x p e r i ­
m en t  c o n c e rn e d  how  to p re sen t  the targets .  
In the  p r e d e c e s s o r  e x p e r im e n ts ,  the targets  
w e re  in m o s t  c a s e s  p r e s e n t e d  v isua l ly .  
T h u s  a sub jec t  would  typical ly  see a target  
such  as T A  or  T A N  in u p p e r  case  on a 
sc reen ,  im m edia te ly  pr ior  to hear ing  a list 
o f  w o rd s  o f  which  one  might con ta in  that 
ta rge t .  In J a p a n e s e ,  h o w e v e r ,  the d irec t  
m app ing  o f  m o ra e  and syl lables  into the 
a v a i l a b l e  o r t h o g r a p h i c  r e p r e s e n t a t i o n s  
m ean s  that  p re se n ta t io n  o f  targets  e i ther  in 
kana or  kanji w ould  p re e m p t  the su b jec t ' s  
dec is ion ,  in tha t  the w ay  each  input word  
w ould  norm al ly  be wr i t ten  would  fully d e ­
te rm ine  w h e th e r  o r  not  a m a tch  b e tw e en  
ta rge t  and  input  w as  p resen t .
A w ay  a ro u n d  this p rob lem ,  which  m o re ­
o v e r  m a in t a in e d  c o m p a r a b i l i t y  w i th  the  
p r e d e c e s s o r  s tud ies ,  was  p re se n te d  by the 
fact  that  all J a p a n e s e  also learn R o m a n  al­
p h ab e t  c h a ra c te r s ,  a n d — especia l ly  in the 
case  o f  u n iv e rs i ty -ed u ca ted  language users
such  as the sub jec ts  in o u r  e x p e r im e n t s —  
are easily able to m ap  these  rapidly into 
sound  seq u en ces .  W e the re fo re  p re se n ted  
the targets  not in J a p a n e se  o r th o g ra p h y  at 
all, but  in R o m a n  c h a ra c t e r s ,  exac t ly  as 
they  had been  p re se n ted  in the p rev ious  e x ­
pe r im en ts  with E u ro p e a n  languages .  Such  
re p re se n ta t io n s  shou ld ,  for  J a p a n e s e  lan ­
guage users ,  be neutra l  with regard  to the ir  
m apping  to bo th  m orae  and syllables.
In E x p e r im e n t  1, the re fo re ,  we p re sen ted  
l is teners  with ta rgets  such as T A  and T A N  
and w ords  such as tanishi and tanshi, and 
m e a su re d  bo th  target  d e te c t io n  r e s p o n s e  
t imes,  and the relat ive p ropor t ion  o f  hits 
and misses ,  for  each  type  o f  target  in each  
type  o f  word .
E x p e r i m e n t  1 
Method
Materials
Sixteen  meaningful  J a p a n e se  w o rd s  w ere  
c h o sen  as s t imulus  w ords ;  in R o m an  t r a n ­
s c r i p t i o n  t h e y  w e r e :  ta n ish i , ta n sh i , 
monaka, monka, kanoko, kanko, sanaka, 
s a n k a , nanoka, nanka, kinori,  kinri, 
haneda, handa, shinigao, shingao. As can 
be s e e n ,  the  w o r d s  f o r m e d  e ight  pa i r s .  
Within each  pair,  the initial and  final m orae  
were  identical.  T he  second  m o ra  w as  e i ther  
the nasal co n so n an ta l  coda ,  o r  a CV m ora  
beginning with [n]. T h e  m e m b e r s  o f  each  
pair  were  unre la ted  in m ean ing  ( thus tanishi 
is a kind o f  snail,  while tanshi is a terminal) .  
J ap an e se  w ords  may also vary  in p rosod ic  
s t ruc tu re ,  to wit in p lacem en t  o f  pi tch a c ­
cen t  (syllables bear ing  pitch accen t  are  la­
beled H,  for high, in co n t ra s t  to syllables  
labeled L,  for  low). We k new  o f  no d a ta  on 
the role o f  p rosod ic  s t ruc tu re  in aud i to ry  
word  recogni t ion  in J a p a n e s e ,  so we d e ­
cided to inco rpora te  p rosod ic  s t ruc tu re  as 
an addit ional  manipu la t ion  o f  the mater ia ls .  
T h u s  the accen t  pa t te rn  o f  the first  fou r  
pairs above  is H L L ,  and o f  the last fou r  
pairs  is L H H .
A fu r the r  250 w ords  w ere  c h o sen ,  and 
a r ra n g e d  into 64 s e q u e n c e s .  E a c h  ta rge t
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word occurred twice, once in 1 of the first 
32 sequences and once in 1 of the last 32 
sequences. The sequences varied in length 
from 3 to 6 words, and the target words 
occurred in second, third, fourth, or fifth 
position. O f  the 32 sequences which did not 
contain one of the experimental target 
words, half contained no occurrence of the 
specified target, while the other half con­
tained a dummy target in varying position 
in the sequence. A  few of the sequences 
without occurrence of the specified target 
contained a word which began with sounds 
similar to the target (e.g., hoteru with target 
H A ,  or shimenawa with target S H IN ) ;  such 
foils can prevent subjects from responding 
precipitately on the basis of only partial 
analysis of the input (Norris &  Cutler,
1988).
Ten practice sequences were also con­
structed. These too varied in length from 
three to six words, and four of them had no 
occurrence of the specified target.
T w o  target orders were compiled, with 
type of target counterbalanced across order 
and first versus second half of the experi­
ment for each item pair. Thus in order A , 
tanishi occurred with the target T A  on its 
first occurrence and target T A N  on its sec­
ond, while tanshi occurred with target T A N  
on its first occurrence and target T A  on its 
second. In order B tanishi occurred first 
with T A N  and then with T A ,  while tanshi 
occurred first with T A  and then with T A N .
The experimental and practice sequences 
were recorded on digital audio tape by a 
male native speaker of Standard Tokyo 
Japanese. Each sequence was preceded by 
its number. The words were spoken at a 
normal rate with approximately 2 seconds 
between words and approximately 10 sec­
onds between sequences.
Subjects
Forty-eight undergraduate members of 
Dokkyo University took part in the exper­
iment for a small payment. The data for 8 
subjects were not used because of equip­
ment problems. O f  the remaining 40 sub­
jects, 20 received each target order condi­
tion.
Procedure
The subjects were tested individually in a 
quiet room. They were instructed to listen 
for a word beginning with the sounds rep­
resented by the Roman characters specified 
as target for each sequence, and to press a 
response key as soon as they had detected 
an occurrence of this target. The target for 
each sequence was presented visually, on a
15 x 17-cm card, immediately prior to the 
beginning of the sequence.
The sequences were presented over 
headphones from a D A T  recorder. The out­
put from this recorder was also fed via a 
mixer to a second D A T  recorder which via 
the same mixer also recorded a pulse trig­
gered by the subject’s response.
The intervals between onset of the target 
word and response pulse were measured in­
dividually for each subject on a Kay Sona- 
Graph 5500 to ascertain reaction times.
Results
After the experiment had been run it was 
discovered that the target assignment for 
one item had been erroneous, resulting in 
no data being available for one of the con­
ditions for that item. Therefore it was de­
cided to omit that item and its pair from the 
analysis.
Mean number of missed responses and 
mean response times (RTs) were deter­
mined for each subject and each item, and 
separate analyses of variance were con­
ducted on each measure with subjects and 
with items as random factors.
The most immediately striking feature of 
the results was apparent in the analysis of 
missed responses. The results of this anal­
ysis are shown in Fig. 1. It can be seen that 
in three conditions subjects missed less 
than 8 %  of targets, but in the fourth condi­
tion— C V N  targets with C V C V C V  words—  
the miss rate was extremely high: 64 .3% .
Analyses of variance showed significant
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Fig. 1. The mean number of missed targets as a 
function of the size of a visual target sequence (CV , 
e.g., ta- versus C V C , e.g., tan-) and the phonological 
structure of a stimulus word (C V C V C V , e.g., tanishi 
versus C V C C V ,  e.g., tanshi); Experiment 1.
effects in both analyses for the word type 
comparison (FI [1,38] =  158.23, p <  .001; 
F2 [1,10] =  77.23, p <  .001), the target size 
comparison (FI [1,38] =  166.53, p <  .001; 
F I  [1,10] =  93.82, p <  .001), and the inter­
action of these two factors (FI [1,38] = 
147.09, p <  .001; F2 [1,10] =  112.47, p <  
.001). To examine the basis for the interac­
tion, we conducted t tests for the two word 
types separately; these showed that in 
C V C V C V  words the miss rate for C V N  tar­
gets was significantly higher than it was for 
C V  targets (/I [39] =  14.54, p <  .001 ; tl [6] 
=  11.34, p <  .001), while in C V N C V  words 
there was no significant difference between 
target types.
The mean RTs are shown in Fig. 2. Anal­
yses of variance showed that the only R T  
effects which were significant in both sub­
jects and items analyses were the main ef­
fect of word type, with responses to 
C V C V C V  words being faster than re­
sponses to C V N C V  words (FI [1,38] = 
16.65, p <  .001; F2 [1,10] =  10.62, p <  
.001), and the interaction between word 
type and target size (FI [1,38] =  25.67, p <  
.001; F2 [1,10] =  42.22, p <  .001). H o w ­
ever, the validity of an overall analysis is 
very dubious when one condition contains 
markedly fewer responses than the other
target
Fig. 2. The mean target detection response time 
(RT) in ms as a function of the size of a visual target 
sequence (CV , e.g., ta- versus C V C , e.g., tan-) and 
the phonological structure of a stimulus word 
(C V C V C V , e.g., tanishi versus C V C C V , e.g., tanshi); 
Experiment 1.
three conditions. Omission of the C V N  tar- 
g et /C V C V C V  word condition, and analysis 
via t tests of the relationship between the 
remaining three conditions showed that 
RTs to C V  targets were not significantly 
different in the two word types; but in 
C V N C V  words RTs to C V N  targets were 
longer than RTs to C V  targets (/I [39] =
6.01, p <  .001; tl [6] =  13.84, p <  .001).
Although a comparison between H L L  
and L H H  accent patterns was included in 
both miss-rate and R T  analyses, it was re­
sponsible for no significant effects, either 
alone or in interaction.
Discussion
The results from both analyses provide 
evidence which bears on the hypotheses 
proposed above. The predictions of the syl­
lable hypothesis for Japanese are clearly 
disconfirmed. This hypothesis predicted 
that C V  targets in C V C V C V  words and 
C V N  targets in C V N C V  words should both 
be easy to detect, and equivalently so, 
while C V  targets in C V N C V  words and 
C V N  targets in C V C V C V  words should 
both be hard to detect, and equivalently so. 
In fact, C V  targets in C V N C V  words were 
as easy to detect as C V  targets in C V C V C V
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words, as shown both by the miss-rate anal­
ysis and the R T  analysis, while in the R T  
analysis C V N  targets in C V N C V  words in 
fact produced the slowest responses. Thus 
the syllabic hypothesis cannot account for 
Japanese listeners’ performance.
The mora hypothesis, on the other hand, 
can account for the results. Because the ini­
tial mora of both word types is the same 
(CV), the mora hypothesis predicted that 
C V  targets in both C V C V C V  and C V N C V  
words should be easy to detect, and equiv­
alently so. Indeed, there is no difference 
between these two conditions either in miss 
rates or in RTs. This hypothesis predicted 
that C V N  targets should be hard to detect 
in C V C V C V  words, and the hit/miss anal­
ysis showed that they were; it also pre­
dicted that C V N  targets in C V N C V  words, 
which were effectively a simultaneous 
match to two morae, would (assuming the 
generalizability of the results of Norris &  
Cutler (1988) from English) produce re­
sponses, but these would be relatively 
slow, and the analyses showed that this too 
was the case— the miss rate in this condi­
tion was low, but RTs were high.
One apparently anomalous feature of the 
results is the RTs which were produced to 
C V N  targets in C V C V C V  words. Both hy­
potheses predicted that responses in this 
condition, if made, should be slow; as Fig. 
2 shows, they were not. Statistically, RTs 
in this condition did not differ from RTs to 
C V  targets in the same words. However, 
the first thing to note is that because of the 
high miss rate in this condition these re­
sponses are in fact very few: only 3 6 %  of 
possible responses in this condition. They 
are fast simply because they tend to be pro­
duced by fast subjects only. In an analysis 
in which the subjects were divided into 
quartile subgroups based on their mean RT , 
the pattern of missed responses differed 
across subgroups: specifically, the number 
of missed C V N  targets in C V C V C V  words 
was greatest for the slowest quartile and 
was least for the fastest quartile. (However, 
the pattern of R T  results was exactly the
same over all the subgroups; from the fast­
est to the slowest quartile, it was always the 
case that reaction times were relatively 
slow to C V N  targets in C V N C V  words, and 
essentially the same in the other three con­
ditions. That is, the fastest and slowest sub­
jects differed only in the proportion of re­
sponses contributed per condition, not in 
the way the detection task was being per­
formed.)
Our interpretation of the relatively few 
responses to C V N  targets in C V C V C V  
words is that they are in fact simply false 
alarms; subjects are responding on the ba­
sis of a match of the first part of the target 
alone. One reason may be that the subject's 
representation of the target is, mistakenly, 
C V  instead of C V N  (either because the tar­
get was misperceived or because it has be­
come corrupted in memory); in this case it 
would not be surprising that the responses 
in this condition are virtually identical to 
the responses in the C V  target condition 
with the same words. W e  conducted further 
analyses in which we compared just those 
responses which occurred in the C V N  tar­
get condition with C V C V C V  words with 
their pair trials (same subject, same item, 
but with C V  target). The overall mean RTs 
for these two sets were within 4 ms of one 
another whether calculated across items or 
across subjects, and there was no consis­
tent pattern to the source of these re­
sponses across items. Thus it would seem 
highly likely that responses to C V N  targets 
in C V C V C V  words are simply isolated er­
rors made by subjects trying to respond as 
fast as they can, and perhaps responding 
mistakenly to only the C V  portion of the 
target.
The pattern of results in this experiment 
thus appears to offer strong support for the 
mora hypothesis but none to the syllable 
hypothesis. The possibility remains, how­
ever, that the results in some way reflect 
acoustic properties of the materials. It may 
be the case, for instance, that C V N  targets 
are responded to more slowly in C V N C V  
words because the C V N  portion of these
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words is particularly long; likewise it may 
be the case that C V N  targets are missed 
more often than not in C V C V C V  words be­
cause the nasal consonant in these words is 
unclearly articulated or in some other way 
hard to identify as such. A  simple way to 
test these possibilities is to present the 
same materials to nonnative listeners. If 
such acoustic factors have influenced the 
results of Experiment 1, they should exer­
cise similar effects on the performance of 
other listeners regardless of native lan­
guage. In Experiment 2, therefore, we pre­
sented the same materials to listeners 
whose native language was not Japanese 
but English.
Experim ent  2 
Method
Materials
The materials were as in Experiment 1. 
However, the tape was copied and in the 
process the numerals at the start of each 
sequence were removed, since these would 
essentially be nonwords to English listeners 
and hence would merely function to 
lengthen each sequence by one item. A  tim­
ing mark was placed on the second channel 
of the tape aligned roughly with the onset of 
each target item.
Subjects
Twenty-four members of the Applied 
Psychology Unit subject panel, ranging in 
age from 19 to 35 years, took part in the 
experiment for a small payment. None had 
any knowledge of Japanese. Twelve were 
assigned to each target order condition.
Procedure
The subjects were tested individually in a 
sound-dampened room. They were pre­
sented with instructions which described 
the task and illustrated the materials with 
Japanese words and names which would be 
known to English subjects (e.g., "y o u  
might see the target S O N  and hear tempura
Mitsubishi sukiyaki Sony") .  One deliber­
ately wrong example (“ F U  as in futon") 
was included in the instructions as a poten­
tial diagnostic— although the sound se­
quence represented by F U  occurs in the 
English pronunciation of futon, it does not 
actually occur in the Japanese pronuncia­
tion, and any subject who pointed that out 
would be revealed as knowledgeable about 
Japanese (in fact, no subject made such a 
comment).
The sequences were presented over 
headphones from a D A T  recorder. The tar­
gets were displayed in upper case on a 
V D U  screen. Target presentation, timing 
and response collection were under the 
control of a Zenith microcomputer running 
the T S C O P  experimental software (Norris, 
1984).
The intervals between target onset and 
timing mark were measured and the re­
sponse times adjusted by these amounts to 
give responses from exact target onset.
Results
Mean number of missed responses and 
mean RTs were determined for each sub­
ject and each item, and separate analyses of 
variance were conducted with subjects and 
with items as random factors. The mean 
number of missed targets for each condition 
is shown in Fig. 3.
It can immediately be seen that the strik­
ing asymmetry evident in Figure 1 is not 
replicated here. In fact the English subjects 
were extremely good at correctly detecting 
the targets in these Japanese words: the 
miss rate was between 5 and 9 %  in all four 
conditions. The analyses of variance con­
ducted on the number of missed targets 
showed no main effects or interactions sig­
nificant in either analysis.
The mean RTs for each condition are 
shown in Fig. 4, and again it can be seen 
that the response pattern is quite different 
from that shown by the Japanese listeners 
in Experiment 1. The analyses of variance 
conducted on the RTs showed no main ef­
fects or interactions significant in both anal­
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target
F ig .  3. The mean number of missed targets as a 
function of the size of a visual target sequence (CV, 
e.g., ta- versus C V C , e.g., tan-) and the phonological 
structure of a stimulus word (C V C V C V . e.g., tanishi 
versus C V C C V ,  e.g., tanshi); Experiment 2.
yses; specifically, in the analysis by sub­
jects none of the three effects (word type, 
target size, prosodic structure) reached sig­
nificance either alone or in interaction, 
while in the analysis by items the target size 
effect (faster RTs to C V  than to C V N  tar­
gets) was significant (F2 [1,28] =  5.14, p <  
.04) but no other main effect or interaction 
was significant.
target
Fig. 4. The mean target detection response time 
(RT) in ms as a function of the size of a visual target 
sequence (CV , e.g., ta- versus C V C , e.g., tan-) and 
the phonological structure of a stimulus word 
(C V C V C V , e.g., tanishi versus C V C C V , e.g., tanshi); 
Experiment 2.
Discussion
These results do not at all resemble the 
results produced by the native listener 
group. Most importantly, miss rates were 
not particularly high for C V N  targets in 
C V C V C V  words (or for any other condi­
tion, for that matter). Likewise, the RTs did 
not pattern like the Japanese listeners’ RTs. 
From this we may conclude that the results 
of Experiment 1 were not due to some 
acoustic properties of the materials which 
would exercise the same effect on any lis­
tener group independent of native lan­
guage. Instead, the earlier results may 
properly be ascribed to characteristics of 
native language processing procedures. W e  
argued above that the mora hypothesis best 
fits the results of Experiment 1; Japanese 
listeners use mora structure in speech seg­
mentation. W e  may now conclude that En ­
glish listeners do not exploit mora structure 
in the same way.
Note that the syllable hypothesis also 
does not predict the results for English lis­
teners. This is in agreement with previous 
studies in which English listeners have 
been shown not to use syllabic segmenta­
tion when listening either to their native 
language or to French (Cutler et al., 1986). 
In previous experiments, in contrast, En ­
glish subjects have shown a consistent ten­
dency to respond faster (to any target) in 
words beginning C V C V  than in words be­
ginning C V C C  (Cutler et al., 1986; Cutler, 
Norris &  Williams, 1987); though the same 
tendency was weakly apparent here, it was 
not statistically significant.
Thus Experiment 2 has ruled out one ar- 
tifactual account of the results of Experi­
ment 1. It may still be objected, however, 
that an element of unnaturalness was intro­
duced into Experiment 1 by the method of 
target presentation. Although all Japanese 
students read Roman characters easily, and 
writing Japanese words (e.g., names) in Ro­
man characters is quite common, this is of 
course not the orthography which is nor­
mally used for Japanese text. It is certainly
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conceivable that the task of constructing a 
target representation from Roman charac­
ters to be matched against spoken Japanese 
words could have introduced into the ex­
periment some artifact which in turn could 
have influenced the results; in particular, it 
is conceivable that the orthographic repre­
sentation may have been converted by the 
subjects into a mora-based (kana) represen­
tation of the targets. Thus it is important to 
test whether the results of Experiment 1 
will generalize to alternative modes of tar­
get presentation. In Experiment 3, there­
fore, we replicated Experiment 1 exactly 
except in target presentation mode: the tar­
gets were presented auditorily.
E x p e r i m e n t  3
Method
Materials
The materials were the same as for E x ­
periment 1. The recording used for Exper­
iment 1 was copied and auditory target 
specifications were added prior to each se­
quence. These target specifications were 
spoken separately rather than edited from 
the experimental words (it has been shown 
that such sequences extracted from Japa­
nese speech are very difficult to recognize; 
Kuwabara, 1982).
S abjects
Forty-three undergraduate members of 
Dokkyo University took part in the exper­
iment for a small payment. The data for 3 
subjects were lost due to equipment failure. 
O f  the remaining 40 subjects, 20 received 
each target order.
Procedure
The subjects were instructed to listen for 
a word beginning with the sounds specified 
as target for each sequence, and to press a 
response key as soon as they had detected 
an occurrence of this target. The subjects 
were tested in pairs, and the materials were 
presented from an analogue tape recorder. 
The procedure was in other respects the 
same as for Experiment 1.
Results
The mean number of missed responses 
and the mean RTs were determined for 
each subject and each item, and separate 
analyses of variance were conducted on 
each measure with subjects and with items 
as random factors. Figure 5 shows the 
mean number of missed responses. It can 
be seen that the distinctive asymmetry ev­
ident in Fig. 1 is replicated in this second 
experiment with Japanese listeners. In 
three conditions the miss rate was 10% or 
less; but C V N  targets in C V C V C V  words 
were missed on 64 .5%  of trials.
Analyses of variance showed the same 
pattern of results as in Experiment 1: main 
effects for word type (FI L1,38] =  151.48, p
<  .001 ; F2 [1,10] =  53.82, p <  .001), target 
size (FI [1,38] =  148.68, p <  .001 ; F2 [1,10] 
=  44.5, p <  .001) and the interaction of 
these two factors (FI [1,38] =  181.09, p <  
.001; F2 [1,10] =  60.67, p <  .001). T  tests 
again showed no difference between the 
two target types in C V N C V  words, but in 
C V C V C V  words C V N  targets were missed 
significantly more often than C V  targets (/I 
[39] =  15.12, p <  .001; t2 [6] =  8.48, p <  
.001).
The mean RTs across conditions are 
shown in Fig. 6; again, the R T  analysis
target
Fig. 5. The mean number of missed targets as a 
function of the size of an auditory target sequence 
(CV , e.g., ta- versus C V C , e.g., tan-) and the phono­
logical structure of a stimulus word (C V C V C V , e.g., 
tanishi versus C V C C V , e.g., tanshi); Experiment 3.
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target
Fig. 6 . The mean target detection response time 
(RT) in ms as a function of the size of an auditory 
target sequence (CV , e.g., ta- versus C V C , e.g., tan-) 
and phonological structure of stimulus word 
(C V C V C V , e.g., tanishi versus C V C C V , e.g., tanshi); 
Experiment 3.
showed the same pattern as in Experiment
1. The only two variables to reach signifi­
cance in both subjects and items analyses 
were the effect of word  type, with 
C V C V C V  words being responded to faster 
than C V N C V  words (FI [1,38] =  22.33, p
<  .001; F2 [1,10] =  14.44, p <  .005), and 
the interaction between word type and tar­
get size (FI [1,38] =  29.32, p <  .001; F2 
[1,10] =  32.23, p <  .001). Again we con­
ducted / tests on the three conditions in 
which few targets were missed, omitting 
the C V N  target/CVCVCV word condition. 
These analyses showed no difference be­
tween responses to C V  targets as a function 
of word type; but in C V N C V  words C V N  
targets were responded to more slowly than 
C V  targets (/I [39] =  4.47, p <  .001; tl [6] 
=  2.78, p <  .04).
As in Experiment 1, a further analysis 
was conducted in which the subjects were 
divided, on the basis of their overall mean 
R T , into subgroups; once again, there was 
no difference between the subgroups in the 
pattern of RTs. The pattern of missed re­
sponses, however, did differ across sub­
groups, and in exactly the same manner as 
we observed in Experiment 1: the re­
sponses to C V N  targets in C V C V C V  words 
were contributed to the greatest extent by
those subjects with the fastest mean RTs. 
Once again, therefore, we would argue that 
the few responses which occur in this con­
dition are in fact false alarms.
To check that the results of Experiments
1 and 3 were indeed directly comparable, 
we conducted a joint analysis of the two 
experiments. The additional variable of E x ­
periment (visual versus auditory targets) 
was not itself significant, and entered into 
no significant interactions, either in the 
joint analysis of miss rates or of RTs.
Discussion
The replication of Experiment l’s results 
strongly confirms our conclusions from the 
preceding experiments: Japanese listeners 
do not naturally segment speech syllable by 
syllable; they do naturally segment it mora 
by mora. The change in mode of target 
specification made no difference to the pat­
tern of results, either in the hit/miss analy­
sis or the response time analysis.
Experiment 2 has already established 
that no artifact of the materials underlies 
the results— the responses of English listen­
ers to these words in no way resembled the 
responses of native listeners. However, we 
decided to conduct a further replication ex­
periment with nonnative listeners. In E x ­
periment 4 we presented the same materials 
to French listeners. Recall that all previous 
experiments with French listeners (Mehler 
et al., 1981 ; Cutler et al., 1986) had shown a 
distinctive pattern associated with a syl­
labic segmentation of the speech input: C V  
targets were easier to detect when the ini­
tial syllable of the target item was C V  rather 
than C V C ,  but C V C  targets were easier to 
detect when the target item's initial syllable 
was C V C  rather than C V .
The opportunity for precisely this pattern 
of results also exists with the materials of 
Experiments 1 to 3. Syllabic segmentation 
would result in the target ta- being easier to 
detect in tanishi than in tanshi, while the 
target tan- would be easier to detect in tan­
shi than in tanishi. Cutler et al. (1986) 
showed that French listeners produce this 
characteristic pattern of results with for­
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eign-language (in that case, English) speech 
input; in Experiment 4 we tested whether 
French listeners would also produce this re­
sponse pattern with Japanese.
E xperim ent  4 
Method
Materials
The materials were as in Experiment 3, 
except that three filler sequences were 
omitted. The sequences were digitized at 16 
k H z  via an O R O S  A U  22 A /D  converter, 
and stored in a Toshiba T5200 microcom­
puter. The numerals at the start of each se­
quence were removed for the same reason 
as in Experiment 2. Using the speech editor 
M A N I T O U ,  a timing mark was aligned 
with the onset of each target item.
Subjects
Thirty-three native French-speaking vol­
unteer subjects (students and members of 
the University of Paris community, ages 
between 20 and 30), took part in the exper­
iment. Only one target order was used.
Procedure
The subjects were tested individually in a 
sound-dampened room. They were told 
that they would hear short sequences of 
Japanese words preceded by two occur­
rences of a target specification, and they 
were instructed to listen for a word begin­
ning with the sounds specified as target for 
each sequence, and to press a response key 
as soon as they had detected an occurrence 
of this target.
The targets and sequences were pre­
sented over headphones. Each trial began 
with a 200-ms auditory warning, followed 
by two presentations of the target, and then 
by the sequence of words, with an inter­
word interval of 700 ms. Audio presenta­
tion, timing, and response collection were 
under the control of the Toshiba microcom­
puter. For eight subjects on four trials the 
target items were accidentally preceded by 
a pause in the computer presentation; these
trials were omitted from the analysis for 
these subjects.
Results
Mean number of missed responses and 
mean RTs were determined for each sub­
ject and each item, and separate analyses of 
variance were conducted with subjects and 
with items as random factors.
The mean number of missed targets for 
each condition can be seen in Fig. 7. As in 
Experiment 2, the characteristic pattern 
shown by Japanese listeners is not repli­
cated with nonnative listeners (in fact, once 
again, the nonnative listeners had an over­
all lower miss rate than the native listeners 
of Experiments 1 and 3). Instead, the pat­
tern we see is the distinctive crossover in­
teraction which is predicted with syllabic 
segmentation. In the two conditions in 
which the syllabic hypothesis predicts that 
target detection will be easy, the miss rate 
is around 10%  (i.e., around the same level 
as for English listeners in all four conditions 
and for Japanese listeners in three), while in 
the two conditions in which the syllabic hy­
pothesis predicts that target detection will 
be hard, the miss rate is between 20 and 
30% . Analyses of variance showed that the
target
Fig. 7. The mean number of missed targets as a 
function of the size of an auditory target sequence 
(CV , e.g., ta- versus C V C , e.g., tan-) and the phono­
logical structure of a stimulus word (C V C V C V , e.g., 
tanishi versus C V C C V , e.g., tanshi); Experiment 4.
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crossover interaction was significant in 
both analyses (FI [1,32] =  29.25, p <  .001 ; 
F2 [1,14] =  26.1, p <  .001); neither main 
effect was significant. T  tests on the com­
ponents of the interaction revealed that in 
C V C V C V  words the miss rate for C V N  tar­
gets was significantly higher than for C V  
targets (/I [32] =  4.1, p <  .001 ; /2 [7] =  
4.79, p <  .002), while in C V N C V  words the 
miss rate for C V  targets was significantly 
higher than the miss rate for C V N  targets 
(/I [32] =  3.79, p <  .001, tl [7] =  2.56, p <  
.04).
The mean RTs for each condition are 
shown in Fig. 8; again the pattern is unlike 
that shown by native listeners. As pre­
dicted by the syllabic hypothesis, RTs in 
C V C V C V  words are faster for C V  targets 
than for C V N  targets, while R T s  in 
C V N C V  words are faster for C V N  than for 
C V  targets; the crossover pattern is not ev­
ident, however, because there is in this 
case an additional effect of word type: 
C V C V C V  words are responded to faster 
than C V N C V  words. The analyses of vari­
ance conducted on the RTs showed that 
this main effect of word type was the only 
effect (or interaction) to approach our cri-
t a r ge t
Fig. 8 . The mean target detection response time 
(RT) in ms as a function of the size of an auditory 
target sequence (CV , e.g., ta- versus C V C , e.g., tan-) 
and the phonological structure of a stimulus word 
(C V C V C V , e.g., tanishi versus C V C C V , e.g., tanshi)’. 
Experiment 4.
terion of significance (FI [1,32] =  8.75, p <  
.01; F I  [1,14] =  4.17, p <  .06). However, 
although the interaction between word type 
and target type was not significant (FI 
[1,32] =  3.41, p <  .08; F2 [1,14] =  1.06), 
C V  targets were responded to significantly 
faster in C V C V C V  words than in C V N C V  
words (rl [32] =  3.17, p <  .005; tl [7] = 
2.13, p <  .075). This effect is predicted by 
the syllabic hypothesis, but runs counter to 
the predictions of the mora hypothesis; it 
was not shown by the Japanese subjects in 
either Experiment 1 or Experiment 3, or by 
the English subjects of Experiment 2.
Discussion
The results of Experiment 4 show that 
the response patterns of French listeners 
are, as predicted, best accounted for by the 
syllabic hypothesis; C V  targets are re­
sponded to more accurately in C V C V C V  
words than in C V N C V  words, while C V N  
targets are responded to more accurately in 
C V N C V  words than in C V C V C V  words. 
Although the R T  analysis did not in this 
case produce a significant crossover inter­
action, the predictions of the syllable hy­
pothesis were even here partially con­
firmed. Thus the results of Experiment 4 
present further confirmation of Cutler et 
al.’ s (1986) result: even with foreign- 
language input, French listeners will at­
tempt to apply syllabic segmentation where 
the opportunity for it seems to exist. Syl­
labic segmentation thus appears to be the 
natural pattern which French listeners ap­
ply to speech input, whether in their own 
language, in a partially familiar language 
(English), or in an almost wholly unfamiliar 
language (Japanese).
The results also further confirm our con­
clusions from Experiments 1 and 2. Nonna­
tive listeners did not replicate the pattern of 
results shown with the same materials by 
native Japanese listeners. Thus the native 
pattern can not be ascribed to some acous­
tic or other low-level characteristic of the 
stimulus materials. Instead, it must reflect 
aspects of native speech recognition proce-
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dures; as we have argued, it is best inter­
preted as reflecting segmentation proce­
dures based on the mora.
G e n e r a l  D i s c u s s i o n
In four experiments on the detection of 
sub-word targets in Japanese words we 
have shown that the patterns of perfor­
mance produced by native and by nonna­
tive listeners are fundamentally different. 
These experiments thus add to the already 
substantial body of evidence that response 
patterns in speech target detection experi­
ments are language-specific. Previous re­
search has shown that closely matched ex­
perimental conditions produce quite differ­
ent patterns of responding by English and 
French listeners (Cutler et al., 1986), and 
by Spanish and Catalan listeners (Sebastian 
et al., 1992). The present study has shown 
that Japanese listeners produce yet another 
pattern of response, which differs from that 
of both English and French listeners.
This series of experiments has as its 
overall aim elucidation of the processes 
which intervene between perception of an 
acoustic speech input and contact with 
stored representations of words. It is as­
sumed that the many factors which produce 
variability in speech rule out direct map­
ping of acoustic input onto the lexicon; in­
stead, the input must be transformed into 
an abstract prelexical representation. Not 
only must this representation be abstract, 
but it must be discrete; that is, the input 
must be segmented into discrete units at 
this prelexical representation stage. It is the 
nature of the units of segmentation which is 
at issue.
In many ways the syllable seems like a 
good candidate for a universal unit of rep­
resentation, and initial studies in this do­
main suggested that it indeed played this 
role (Mehler et al., 1981; Segui et al., 1981). 
The syllable, after all, is a unit in terms of 
which the phonology of any language can 
be described; and moreover, those initial 
studies produced results highly consistent 
with syllable-sized prelexical units of rep­
resentation. However, these studies were 
all conducted in French; later research de­
stroyed the syllable’s claim to universality 
in prelexical representations by showing re­
sults inconsistent with this claim for E n ­
glish (Cutler et al., 1986). N o w  the present 
study has produced further evidence incon­
sistent with syllabic prelexical representa­
tions, this time in Japanese. The syllable 
hypothesis did not correctly predict the re­
sponse pattern of Japanese listeners. First, 
the response pattern to C V  targets, both in 
terms of RTs and number of missed re­
sponses, was essentially identical in 
C V C V C V  and C V N C V  words, although 
the syllable hypothesis would predict a dis­
advantage for C V  targets in C V N C V  
words. Second, the reaction times to the 
two target types in C V N  words patterned in 
exactly the opposite direction to that pre­
dicted by the syllable hypothesis.
W e  argued that the observed pattern of 
responses by Japanese listeners with the 
materials of our experiments can, instead, 
best be described in terms of a mora-sized 
unit of segmentation in this language. The 
response pattern to C V  targets, both in 
miss rates and RTs, is essentially identical 
in both types of word; this is exactly as 
predicted by the mora hypothesis, because 
in both C V C V C V  and C V N C V  words the 
initial mora is C V . Likewise, the mora hy­
pothesis can account for why the response 
pattern to C V N  targets differs across the 
two word types. In C V N C V  words, C V N  
targets are responded to, but responses are 
long; this is as would be predicted if C V N  
amounts to a complex (i.e., two-mora) tar­
get. C V N  targets in C V C V C V  words, how­
ever, are more often than not simply 
missed; again, this is as predicted since at 
the mora level the target and stimulus do 
not match. The fact that response difficulty 
(i.e., the case of C V N  targets in C V C V C V  
words) is manifested in Japanese listeners 
by missed responses rather than by long 
RTs suggests, indeed, that the Japanese lis­
teners simply did not decompose morae at 
all; they segmented the spoken words mora
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by mora, they may also have represented 
the targets as complete morae, and their re­
sponse patterns were determined by mora 
structure.
T w o  qualifications to this conclusion 
may be warranted. Firstly, we note that the 
only mora structures in our experimental 
words were C V  (admittedly the most com­
mon mora structure) and the nasal coda N . 
Although our results are certainly sugges­
tive of mora-based responding, we cannot 
as yet be certain that the same pattern will 
be found with the other three mora struc­
tures (V , C C V ,  and Q ); nor can we be cer­
tain that the pattern we have found with the 
two-mora syllable structure C V N  will gen­
eralize to the other two-mora syllable struc­
tures which Japanese allows. Further ex­
periments are necessary to resolve this is­
sue.
Second, it is appropriate to consider 
whether the close relationship between Jap­
anese phonology and (one type of) orthog­
raphy may have played a role in our find­
ings. The mora is properly a phonological 
construct, and our results therefore suggest 
that Japanese listeners are using the phono­
logical structure of their language in a way 
very similar to the phonological procedures 
which our previous studies have suggested 
for French and English listeners. As we de­
scribed in the Introduction, however, the 
mora is also an orthographically real con­
struct to our Japanese subjects, in that the 
kana orthographies directly encode mora 
structure. The possibility exists, therefore, 
that our subjects may have produced their 
moraic response patterns via an ortho­
graphic representation rather than a phono­
logical representation. This would require 
first that subjects formed an orthographic 
representation of the specified target, in 
terms of the mora-based kana orthography, 
and second that this representation could 
be directly matched against an orthographic 
representation of each incoming word, 
again in kana. As to the first step, target 
representation, we have no evidence as to 
whether subjects did this, but it is presum­
ably possible. Both the target specifications 
of Experiment 1 (Roman alphabetic charac­
ters) and of Experiment 3 (spoken) could 
have allowed a translation into kana repre­
sentations, either as sole representation or 
in conjunction with a phonological repre­
sentation. The second step, kana encoding 
of the spoken words, is rather more conten­
tious. The kana orthographies are used in 
Japanese text for representation of (a) 
closed class words and inflectional affixes 
(in hiragana), and (b) foreign words (in ka- 
takana). Our materials contained no closed 
class words, no inflected words, and no for­
eign words. All of the words (experimental 
or filler) in our lists would normally be 
written with a kanji representation, and if 
Japanese listeners are asked to visualize 
such a word in writing, it is the kanji which 
they visualize (indeed, Japanese speakers 
often sketch kanji characters in the air to 
disambiguate homophones in conversa­
tion).
For words which are normally written as 
kanji, construction of a kana representation 
implies conscious representation of the 
phonological pattern of the word. Thus one 
might argue that orthographically based re­
sponding seems to involve construction of a 
secondary representation for performing 
the task via a primary representation (i.e., 
the conscious phonological representation) 
which itself could have served as the basis 
for a response; such a claim would seem to 
require some independent motivation, and 
we do not know of any. Nevertheless, the 
mediation of a kana orthographic represen­
tation in our subjects' responses is difficult 
to rule out. For instance, it is not feasible to 
conduct an experiment to test for the pres­
ence of orthographic involvement in detec­
tion responses in the way in which one 
might in a language such as English, with an 
orthography in which graphemes encode 
(more or less well) individual phonemes. 
Here one would ask whether listeners were 
using an orthographic code in phoneme de­
tection by looking at cases in which the 
mapping in one direction or other was im-
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perfect. For instance, one could ask wheth­
er responses would be slower to noncanon- 
ical representations of a particular pho­
neme— e.g. to /s/ in century as opposed to 
settler; or one could ask whether false 
alarm responses might occur to graphemes 
with no corresponding phonological repre­
sentation— e.g. to /k/ in knee or to /p/ in 
psychology. Because the mapping of pho­
nology to the kana orthographies is virtu­
ally exact, however (see footnote 1 for a 
discussion of the very few exceptions), it is 
in practical terms impossible to ask either 
type of question of morae in Japanese.
One possible test which presented itself 
was to investigate the role of word familiar­
ity; this plays a strong role in kanji recog­
nition, and it may as a result be effectively 
easier for subjects to construct kana repre­
sentations of unfamiliar words than of fa­
miliar words. The materials used in these 
experiments covered a fairly large range of 
frequency of occurrence, so we were able 
to compare the pattern of responding to 
more familiar versus less familiar words. 
W e  found no difference at all as a function 
of familiarity.
Whether the code which Japanese listen­
ers used in Experiments 1 and 3 was pho­
nological, orthographic, or a bit of both, the 
important finding is that, with C V  and N  
structures at least, a mora-based code 
seems to be easy and natural for listeners to 
use. The principal argument which we 
would raise against a purely orthographic 
account of our results is that it presents no 
parallel with the existing results from other 
languages. A  phonological explanation, on 
the other hand, suggests a clear parallel be­
tween the mora in Japanese, the syllable in 
French, and stress units in English. As we 
discussed in the introduction, in Japanese 
the mora is the unit of rhythm. In French 
the unit of rhythm is the syllable; in English 
the unit of rhythm is the stress unit. W e  also 
described in the introduction how our pre­
vious results indicated that speech segmen­
tation can be based on the syllable in 
French and on the stress unit in English.
The present results suggest that speech seg­
mentation can be based on the mora in Jap­
anese. In other words, this would consti­
tute three separate cases in which under 
appropriate conditions speakers of a partic­
ular language can base speech segmenta­
tion upon units which happen also to be the 
characteristic units of rhythm for their lan­
guage.
W e  reiterate that all of these units are 
abstract linguistic constructs which in prin­
ciple can be used to describe any language. 
O f  course, the utility of each construct var­
ies widely from language to language. To 
take a gross example, consider the concept 
of tone; this is clearly meaningful when ap­
plied to languages like Chinese, Thai, and 
Igbo which have lexical tone. It is also 
meaningful to ask whether, for instance, 
English, French, and Japanese have tone; 
but having learned that the answer is no, 
the researcher would not gain any advan­
tage by trying to use the construct in de­
scribing any of these languages. The situa­
tion with rhythmic constructs is exactly 
analogous. It makes sense to ask of any lan­
guage, for instance, whether it has stress 
contrasts; if the answer is yes (as it is for 
English), then there is sense in describing 
the stress units, but if the answer is no (as it 
is with French and Japanese), then there is 
little point in applying the relevant con­
structs. Thus, for instance, while it may be 
true to say that all syllables in French and 
Japanese speech are normally strong, it is a 
redundant exercise, because the concept is 
irrelevant in the description of these lan­
guages.
Likewise, we need to ask about each 
such concept not only whether it is relevant 
in the proper phonological description of a 
language’s rhythmic structure, but also, 
and separately, whether it plays a role in 
speech segmentation for the community of 
speakers of that language. It is, therefore, 
striking to find three cases in which the an­
swer, for a given unit in a given language, is 
yes on both counts. This suggests a clear 
pattern: the way listeners accomplish
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speech segmentation is influenced by the 
way their native language organizes its 
rhythm.
W h y  should this be so? W e  suggest that 
the answer may well be found in the earliest 
stages of language acquisition. Consider the 
infant’s task in learning to distinguish 
meaning in the speech signals which occur 
in its environment. The segmentation prob­
lem which we described above— the neces­
sity of isolating discrete units in the contin­
uous speech signal— is compounded; the in­
fant has no existing store of meaningful 
units. The infant's task is, indeed, to build a 
lexicon. On  what basis can this process be 
started?
To answer this question we need to know 
what characteristics of speech signals are 
particularly salient to infant perception. 
Unsurprisingly, some components of lin­
guistic rhythm prove to be salient. Infants 
as young as 4 days old are sensitive to the 
number of syllables in an utterance (Bijel- 
jac-Babic, Bertoncini &  Mehler, in press), 
in that they can discriminate a sequence of 
three-syllable words from a sequence of 
two-syllable words, although they cannot at 
the same age discriminate between se­
quences differing in number of phonemes. 
Infants of two months can distinguish bisyl­
lables with initial stress from bisyllables 
with final stress (Jusczyk &  Thompson, 
1978; Spring &  Dale, 1977), although under 
at least some conditions they fail to distin­
guish phonemic contrasts within such se­
quences (Karzon, 1985); moreover, the 
stress change discrimination appears to be 
far more robust than those phonetic dis­
criminations of which infants at that age are 
capable (Jusczyk &  Thompson, 1978).
The importance of the lexicon-building 
task (and, of course, the relative speed and 
ease with which it is accomplished by hu­
man infants) renders it likely that the new­
born child is equipped with procedures 
which enable it to focus efficiently upon as­
pects of speech which assist in segmenting 
the continuous speech stream into mean­
ingful units. The characteristic rhythmic
pattern of a language is certainly one such 
aspect. The child’s endowment in this re­
spect might be thought of as a process of 
determining the smallest occurring level of 
regularity in the speech input with which it 
is presented. Perceptual processing proce­
dures could then be refined to exploit as 
efficiently as possible the regularity at that 
particular level. O f  course, any human in­
fant can acquire any human language. Thus 
it is not surprising to find that a variety of 
rhythmic regularities can be discriminated 
by the newborn infant. But once the char­
acteristic rhythmic structure of the speech 
input has been identified, this structure can 
form the basis of segmentation procedures 
by which potential meaningful units in the 
continuous speech stream can be identi­
fied— in other words, it can provide the 
framework for the lexicon-building pro­
cess. Prosodic bootstrapping is the term 
which has been applied to the infant’s reli­
ance on prosodic structure in such tasks.
W e  would expect, then, that as language 
acquisition progresses, the young child 
should lose its newborn impartiality toward 
the range of possible rhythmic structures 
available in language, and begin to exhibit 
preferential behavior. Indeed, even at 9 
months of age, children acquiring English 
show a preference for more typical stress 
patterns of English words over less typical 
(Jusczyk, Cutler, &  Redanz, 1993), which 
suggests at least that stress is a salient at­
tribute in the lexical stock which children at 
this age are engaged in assembling. Cer­
tainly such preferences exist by the time a 
child has become a relatively competent 
language user, i.e., by 3 years of age and 
more, and they form the basis for explicit 
segmentation choices. Thus young French- 
speakers are able to use syllables in seg­
mentation (Alegria, Pignot, &  Morais,
1982), young English-speakers are able to 
use stress (Peters, 1985; Gerken, 1993), and 
young Japanese-speakers are able to use 
morae (Mann, 1986).
W e  suggest, however, that only one type 
of procedure will be developed by which
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rhythmic structure is exploited to aid 
speech segmentation. Our previous work 
has shown that, for instance, English- 
speaking monolinguals cannot exploit syl­
labic rhythm to aid segmentation, even 
when  they are listening to speech in 
French, in which syllabic segmentation 
would be efficient (Cutler et al., 1986). 
More remarkably yet, maximally compe­
tent French-English bilinguals appear to 
have only one such segmentation proce­
dure available to them (Cutler et al., 
1992)— either the syllabic segmentation 
procedure typical of French monolinguals, 
or the stress-based segmentation procedure 
typical of English monolinguals. Such seg­
mentation procedures may be an integral 
part of a speaker's linguistic competence, 
just as a language's characteristic rhythm is 
a fundamental aspect of its phonological 
structure; at the earliest stages of language 
acquisition they are crucially involved in 
enabling the construction of a lexicon, and 
in later life they continue to serve as useful 
aids in the process of speech segmentation.
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